10 



15 



20 



25 



30 



35 



Attorney Case No: 108-182USA000 



WIRELESS BAR CODE SYMBOL DRIVEN PORTABLE DATA TE RMINAL fPDT> 
SYSTEM ADAPTED FOR SINGLE HANDED OPERATION 



Inventors: 
Mark Schmidt 
Garrett Russell 
C. Harry Knowles 
Xiaoxun Zhu 

Alex Au 
Congwei Xu 
Liang Liu 
KaiJi 
Wuqing Zhang 

RELATED CASES 



The present application is a continuation-in-part (CIP) of: pending U.S. Application No. 
09/960,247 filed September 21, 2001; pending U.S. Application No. 09/990,585 filed November 
21, 2001; pending U.S. Application No. 10/—,™ (no serial number assigned yet) entitled 
Automatically-Activated Hand-Supportable Multi-Mode Laser Scanning Bar Code Symbol 
Reading System" filed November 13, 2002; pending U.S. Application No. 09/999,687 filed 
October 31, 2001; pending U.S. Application No. 09/954,477 filed September 17, 2001; 
09/883,130 filed June 15, 2001; pending U.S. Application No. 09/781,665 filed February 12, 
2001; pending U.S. Application No. 09/780,027 filed February 9, 2001; pending U.S. 
Application No. 09/721,885 filed November 24, 2000; pending U.S. Application No. 09/047,146 
filed March 24, 1998; pending U.S. Application No. 09/157,778 filed September 21, 1998; 
pending U.S. Application No. 09/274,265 filed March 22, 1999; U.S. Application No. 
08/931,691 filed September 16, 1997, now U.S. Letters Patent 6,227,450; pending U.S. 
Application No. 09/327,756 filed June 7, 1999; pending U.S. Application No. 09/452,976 filed 
December 2, 1999; U.S. Application No. 09/154,020 filed September 16, 1998, now abandoned; 
U.S. Application No. 09/204,176 filed December 3, 1998, now U.S. Letters Patent 6,283,375; 
International Application No. PCT/US0 1/440 11 filed November 21, 2001, published by WIPO 

Page 1 of 55 



) ) 

as WO 02/43195 A2 on May 30, 2002; and International Application No. PCT/US99/28743 filed 
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New Jersey, and is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to improvements in wireless bar code driven 
portable data terminals (PDTs) for use in various bar code driven applications including 
navigation through and interactive with information structures within diverse kinds business 
enterprises. 

Brief Description Of The State of Knowledge In The Art 

Hand-supportable wireless portable data terminals (PDTs) incorporating bar code reading 
engines are well known in the art and are generally described in published EPO Patent 
Application No. EP 0 837 406 A2, as well as in the Product Brochure, Data Sheet and 
Installation and User's Guide relating to Metrologic's ScanPal® 2 Portable Data Collection 
Terminal (PDT), each said document incorporated herein by reference as if set forth fully herein. 

In Fig. 1 of EPO Patent Application No. EP 0 837 406 A2, there is disclosed a wireless 
portable data terminal (PDT) having a laser scanning bar code reading engine, a keypad, and a 
LCD-type display panel integrated into a compact hands-supportable housing having a generally 
bar-shaped geometry. This prior art PDT supports a 2-way RF-type data communication link 
with a remotely situated base station unit that is operably connected to an information network 
such as the Internet. In this part art design, the LCD display panel is located towards the end of 
the housing, near the scanning window of bar code reading engine, with the keypad located 
opposite the scanning window, towards the PDT operator. 
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While this prior art PDT design has been used for years in various applications, it suffers 
from a number of shortcomings and drawbacks which detract from the overall end-user 
experience . 

In particular, due to the overall physical configuration of this prior art PDT design, it is 
very difficult to operate this kind of PDT in a truly single-handed operation. Most often, 
manually data entry into such PDTs requires the operator to use two hands: one hand to hold the 
PDT device, while the other hand is used to manually key data into the device by way of its 
keypad. By requiring two handed operation, the user experience is typically compromised in 
ways which can reduce worker productivity and efficiency. For example, the operator cannot 
easily hold a bar coded garment in one hand while manually keying product-related data into the 
PDT being held in his or her other hand. 

The reason for this shortcoming is that this prior art wireless PDT design provides keypad 
and control function buttons at locations on the user console, thereby forcing the user the move 
his or her thumb in such a way that loss of secure grip about the PDT's housing becomes 
inevitable in nearly most end user applications. 

Also, backlit LCD-type display screens provided on such prior art PDTs are generally 
difficult to view in brightly lit user environments. 

Another problem with such prior art PDT designs is that they do not enable simple 
navigation of the display screen cursor while attempting the operate the PDT using only one 
hand of the operator. Again, two handed operation is typically required. 

Another problem with such prior art PDT designs is that they do not typically support 
development of powerful end-user applications in a simple low cost manner, nor do they enable 
easy and flexible deployment of developed applications in portable run-time environments that 
are supported by open-source operating systems having no or low user license fees associated 
therewith. 

Thus, there is a great need in the art for an improved wireless bar code driven PDT 
system, improved methods of data capture and transaction processing, and improved 
development and deployment environments therefor, while overcoming the above described 
shortcomings and drawbacks of prior art systems and methodologies. 

OBJECTS AND SUMMARY OF THE PRESENT INVENTION 
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Accordingly, it is a primary object of the present invention to provide an improved 
wireless bar code driven PDT system, an improved method of data capture and transaction 
processing, and an improved integrated development and deployment environment (IDE) 
therefor, while overcoming the above described shortcomings and drawbacks of prior art devices 
and techniques. 

Another object of the present invention is to provide an improved PDT system, wherein 
by virtue of its novel overall physical configuration of prior art PDTs, it is very difficult easy to 
operate the wireless device in a truly single-handed operation. 

Another object of the present invention is to provide such an improved wireless PDT 
system, wherein its single handed operation promises to improve the user experience as well as 
increase worker productivity and efficiency. 

Another object of the present invention is to provide such an improved wireless PDT 
system, wherein its keypad and control function buttons are located at locations on its user 
console that enable the user to move his or her thumb without loss of secure grip about the 
PDT's housing during single-handed operation in diverse user environments. 

Another object of the present invention is to provide such an improved wireless PDT, 
wherein its backlit LCD-type display panel is located below the alphanumeric keypad and 
control and function buttons. 

Another object of the present invention is to provide such an improved wireless PDT, 
wherein complete and total control over the navigation of the display screen cursor can be 
achieved by the operator's thumb while holding and operating the PDT in the operator's hand. 

Another object of the present invention is to provide such an improved wireless PDT, 
wherein the backlit LCD panel of the PDT is easy to view in even brightly lit user environments. 

Another object of the present invention is to provide such an improved wireless PDT, 
wherein the data capture engine is a ID or 2D laser scanning bar code reading engine integrated 
into the PDT housing. 

Another object of the present invention is to provide such an improved wireless PDT, 
wherein the data capture engine is a linear-type imaging engine integrated into the PDT housing, 
capable of reading ID and 2D bar code symbols. 
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Another object of the present invention is to provide such an improved wireless PDT, 
wherein the data capture engine is an area-type imaging engine integrated into the PDT housing, 
capable of reading ID and 2D bar code symbols. 

Another object of the present invention is to provide such an improved wireless PDT, 
wherein the data capture engine is manually activated by depressing a bar code reading 
activation switch on the user console of the PDT. 

Another object of the present invention is to provide such an improved wireless PDT, 
wherein the data capture engine is automatically activated in response to the automatic detection 
of an object within the field of view of the data capture engine integrated within the PDT. 

Such objects of the present invention are provided within a wireless PDT system that 
employs a novel "display-on bottom" design which places the unit perfectly centered in the hand 
of the operator, allowing for the best possible viewing as well as providing comfortable single- 
handed operation. The high-resolution LCD display allows the PDT to show sharp, clear bitmap 
images while supporting all Windows-recognized font types and sizes. With the auto back-lit 
feature, the brightness adjusts automatically making the screen easy to read in all light 
conditions. The PDT is designed for support within the download/charger cradle of a base 
station which interfaces with a host system using either USB or RS232 interface. Two standard 
'AA f or rechargeable Li-Ion batteries provide more than 100 hours of operation. In addition, the 
PDT comes standard with 2MB of RAM providing enough memory to store over 100,000 
records. 

Another object of the present invention is to provide an improved method of data capture 
and transaction processing using the wireless PDT of the present invention. 

Another object of the present invention is to provide such an improved method of data 
capture and processing, wherein the wireless PDT is physically configured for true single-handed 
operation. 

Another object of the present invention is to provide such an improved method of data 
capture and processing, wherein true single handed operation is enabled by providing the display 
panel on the bottom of the user console panel of the PDT, and a multi-position display cursor 
navigation button above the display panel. 
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Another object of the present invention is to provide such an improved method of data 
capture and processing, wherein all user control and function buttons provided on the user 
control console of the PDT are located above the bottom positioned display panel. 

Another object of the present invention is to provide an improved integrated development 
and deployment environment (IDE) for use in developing robust end-user applications with 
graphically rich graphical user interfaces (GUIs), that can be deployed on the wireless PDT of 
the present invention employing an open-source operating system that has no or low user license 
fees associated therewith. 

Another object of the present invention is to provide an improved IDE for a wireless PDT 
system, wherein a powerful set of easy-to-use application development tools are provided for 
developing applications that can be run on the wireless PDT hereof, which employs a virtual 
machine (MVM) so that developed applications can be run on operating systems (OS) other than 
the operating system upon which the development environment operates. 

Another object of the present invention is to provide an improved IDE for a wireless PDT 
system, wherein end-user applications can be developed on developer computers (PCs) running 
Microsoft's Windows 2000 OS, while such applications can be deployed on run-time 
environments supported by operating systems such as uClinux, having ultra-low or no user 
license fees. 

Another object of the present invention is to provide an improved IDE for a wireless PDT 
system, wherein the IDE enables "drag-and-drop" type visually-oriented programming within a 
"what you see is what you get (WYSIWYG) development environment. 

Another object of the present invention is to provide an improved IDE for a wireless PDT 
system, wherein all development tools support "event-driven" programming, wherein the 
developer simply defines what actions are to occur in response to specified events. 

Another object of the present invention is to provide an improved IDE for a wireless PDT 
system, wherein development tools are provided for simply creating SQL relational database 
management systems (RDBMS) that are supported either within memory structures aboard the 
PDT, or alternatively aboard Web-enabled database servers connected to an IP-based network, to 
which the base station of the present invention is interfaced directly or by way of a host 
computer system. 
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Such objects are provided by a novel integrated development and deployment 
environment (IDE) which contains an easy-to-use Windows-based application generator and 
download utilities. For advanced programming, developers can choose to write software using 
an advanced application generator or 'C programming application generator which provides the 
developer with simple programming and fast setup. Further enhancements available in the 
application generator include drag and drop icons, time/datestamp, battery level indicator and 
variable fonts, giving the developer the ability to create graphically-rich custom display screen 
layouts. 

I These and further objects of the present invention will become apparent hereinafter and 

in the Claims to Invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding of the Objects of the Present Invention, the Detailed 
Description of the Illustrated Embodiments of the Present Invention should be read in 
conjunction with the accompanying Drawings, wherein: 

Fig. 1A is a perspective view of the wireless bar code driven portable data terminal 
(PDT) system of the present invention, showing a perspective view of the hand-supportable 
portable data terminal supported within the cradle portion of the base station for charging the 
batteries of the terminal and the communication of data with the host computer system to which 
the base station is connected; 

Fig. IB is an elevated front view of the wireless bar code driven portable data terminal 
(PDT) system of the present invention, showing the hand-supportable PDT terminal supported 
within the cradle portion of the base station; 

Fig. 1C is an elevated side view of the wireless bar code driven portable data terminal 
(PDT) system of the present invention, showing the hand-supportable PDT terminal supported 
within the cradle portion of the base station; 

Fig. 2A is a first perspective view of the wireless bar code driven portable data terminal 
(PDT) of the present invention, showing its LCD panel mounted beneath its data keypad and 
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navigator controls and away from its integrated bar code reading engine, and closest towards the 
user, to provide easy and controllable single-handed operation; 

Fig. 2B is an elevated front view of the wireless bar code driven portable data terminal 
(PDT) of the present invention, showing its LCD panel mounted beneath its data keypad and 
navigator controls and away from its integrated bar code reading engine, and closest towards the 
user, to provide easy and controllable single-handed operation; 

Fig. 2C is an elevated side view of the wireless bar code driven portable data terminal 
(PDT) of the present invention; 

Fig. 2D is a second perspective view of the wireless bar code driven portable data 
terminal (PDT) of the present invention, showing its scanning window, behind which its 
integrated bar code reading engine is mounted; 

Fig. 3 is a perspective view of the wireless bar code driven portable data terminal (PDT) 
of the present invention, shown being used in a single-handed mode of operation, while located 
remote from its RF-linked cradle-providing base station, connected to a host computer system 
and/or network; 

Fig. 4 is an exploded diagram of the wireless bar code driven portable data terminal 
(PDT) of the present invention, showing the spatial relationship between its various housing and 
system components prior to final assembly, comprising: a bottom housing structure of elongated 
geometry; a printed circuit (PC) board populated with surface-mounted integrated circuits (ICs) 
and other electronic components; a LCD panel and associated ambient light sensor and 
associated backlight control circuitry; a rubberized membrane-switching structure designed to 
realize the display cursor (i.e. jog) control buttons, scan and enter buttons, alphanumeric buttons, 
and other control keys (i.e. ON/OFF, ESC, FN, ALPHA, etc) provided on the wireless portable 
data terminal; a mounting fixture designed for supporting the LCD panel and the rubberized 
membrane-switching structure; a top housing structure designed to snap-fit together with the 
bottom housing structure, with the PC board, mounting structure, LCD panel and the rubberized 
membrane-switching structure disposed therebetween; a head housing component with 
integrated scanning window, adapted to snap-fit over and enclose the front end of the housing 
structure, behind and within which a data capture engine is mounted and electrically connected 
to the PC board; a rechargeable battery power pack adapted for support and containment within 
the battery compartment formed on the exterior of the bottom housing portion; and a battery 
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compartment cover adapted to snap-fit over the battery pack contained within the battery 
compartment; 

Fig. 5A is a perspective view of the rubber membrane-switching structure employed in 
the wireless bar code driven portable data terminal (PDT) of the present invention, so as to 
realize its display cursor (i.e. jog) control buttons, scan and enter buttons, alphanumeric buttons, 
and other control keys (i.e. ON/OFF, ESC, FN, ALPHA, etc); 

Fig. 5B is a schematic layout diagram for the rubberized membrane-switching structure 
of the present invention, showing the spatial layout of the display cursor (i.e. jog) control 
buttons, scan and enter buttons, alphanumeric buttons, and other control keys (i.e. ON/OFF, 
ESC, FN, ALPHA, etc); 

Figs. 5C and 5D are perspective views of the head housing component (made of rubber 
molded over polycarbonate plastic) and its integrated scanning window, adapted to snap fit over 
the hand-supportable body portion of the bar code driven portable data terminal, and fastened 
thereto by way of slots and hooks; 

Fig. 5E is a perspective view of the portion of the bottom housing structure of the 
wireless portable data terminal, containing the mounting fixture designed to support the LCD 
panel and its rubberized membrane-switching structure; 

Fig. 5F is a perspective view of the battery power pack being installed within the battery 
power compartment of the wireless portable data terminal of the present invention; 

Fig. 5G is a perspective view of the battery compartment cover being snap-fitted over the 
battery compartment of the of the wireless portable data terminal of the present invention; 

Fig. 6 is a block schematic diagram showing the various subsystem blocks associated 
with the design models of the wireless hand-supportable portable data terminal of the present 
invention, and its cradle-supporting base station, interfaced with possible host systems and/or 
networks; 

Fig. 7 is a block schematic diagram showing the various subsystem component blocks 
associated with the implementation models of the wireless hand-supportable portable data 
terminal of the present invention, and its cradle-supporting base station interfaced with possible 
host systems and/or networks; 

Fig. 8 is a schematic diagram of the LCD backlit illumination control circuit employed in 
the wireless hand-supportable portable data terminal of the present invention; 
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Fig. 9A is a block schematic diagram of the various layers of software modules supported 
at run-time on the hardware computing platform of the wireless hand-supportable portable data 
terminal of the present invention, illustrating that the compiled object code associated with any 
run-time application is run upon a virtual machine (i.e. virtual operating system) that is, in turn, 
run upon another different hardware-supported operating system; 

Fig. 9B is a block schematic diagram of the various layers of software modules supported 
on a host computing system during the development of an application to be ported to and run 
upon the virtual machine of the wireless hand-supportable portable data terminal of the present 
invention; 

Fig. 1 OA is a flow chart illustrating the flow and interaction between the application and 
development programs running on the wireless portable data terminal and the application 
developer's computer system, respectively, and the user input and documents generated during 
this process, wherein flow chart on the left side of the figure illustrates events that occur during 
application development on the developer's computer system including the generation of the 
final application in the form of binary executable code (i.e. m20) and the downloading of the 
same onto the wireless portable data terminal, and wherein the flow chart on the right side of the 
figure illustrates how the final application runs, when downloaded in binary executable code (i.e. 
m20) onto the wireless portable data terminal; 

Figs. 10B1 and 10B2, taken together, set forth a schematic representation describing the 
primary software component modules used by the ApplGen program running on the developer's 
computer system, and what application development functions are carried out by such modules 
on the IDE of the present invention; 

Figs. 101 through 10C8, set forth a high-level tutorial on how to use the Application 
Generation program of the novel IDE of the present invention, to simply and rapidly design and 
implement wireless PDT-supported information systems having (i) a Presentation Layer 
characterized by rich graphical user interface (GUI) screens displayed on the PDT's color LCD 
panel, (ii) a Data Layer characterized by SQL databases supported within the PDT(s), or within 
Web-enabled RDBMS servers connected to IP-based information networks such as the Internet, 
and (iii) a Control Layer characterized by easily implemented business logic using visual 
WYSIWYG, event-driven programming techniques; 
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Fig. 1 1 A is a perspective view of a first illustrative embodiment of the wireless bar code 
driven portable data terminal system of the present invention, wherein its manually-triggered bar 
code reading engine is activated to read a bar code symbol on a package and the symbol 
character data representative of the read bar code is automatically transmitted to its cradle- 
providing base station by way of an RF-enabled 2-way data communication link; 

Fig. 1 IB is a perspective view of the 1-D and 2-D laser scanning bar code reading engine 
embodied within the engine bay of the wireless bar code driven portable data terminal system 
depicted in Fig. 1 1A, illustrating the overlapping spatial relationship of its laser-based bar code 
detection field and laser-based bar code reading field; 

Fig. 11C1 is an enlarged perspective view of the ID and 2D laser scanning bar code 
reading engine shown in Fig. 1 IB; 

Fig. 1 1C2 is an elevated front view of the laser scanning bar code reading engine shown 
in Fig. 1 IB, showing its scanning window; 

Fig. 1 1C3 is an elevated rear view of the laser scanning bar code reading engine shown in 
Fig. 11B, showing its output data communications port which is connected to the PC board 
within the wireless portable data terminal by way of a flexible communication cable; 
code reading field; 

Fig. 1 1C4 is a perspective view of the laser scanning bar code reading engine shown in 
Fig. 1 IB, shown with the upper portion of its engine housing removed and set along side of the 
bottom portion thereof, so as to reveal the 1D/2D laser scanning mechanism provided 
therewithin as well as its scan data signal processing circuit and other subsystem component 
implementations; 

Fig. 1 ID is a schematic block system diagram showing the various subsystem blocks 
comprising the manually-activated laser scanning bar code reading engine employed in the 
wireless portable data terminal shown in Fig. 1 1 A; 

Fig. 1 IE is a schematic representation illustrating the improved single-handed operation 
of the wireless portable data terminal of the first illustrative embodiment of the present 
invention; 

Fig. 12A is a perspective view of a second illustrative embodiment of the wireless bar 
code driven portable data terminal system of the present invention, wherein its automatically- 
triggered (i.e. activated) bar code reading engine is used to read a bar code symbol on a package 
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and the symbol character data representative of the read bar code is automatically transmitted to 
its cradle-providing base station by way of an RF-enabled 2-way data communication link; 

Fig. 12B is a perspective view of the 1-D and 2-D laser scanning bar code reading engine 
embodied within the engine bay of the wireless bar code driven portable data terminal system 
depicted in Fig. 12A, illustrating the overlapping spatial relationship of its IR-based object 
detection field, laser-based bar code detection field and laser-based bar code reading field; 

Fig. 12C is a schematic block system diagram showing the various subsystem blocks 
comprising the automatically-activated laser scanning bar code reading engine employed in the 
wireless portable data terminal shown in Fig. 12 A; 

Fig. 1 2D is a schematic representation illustrating the improved single-handed operation 
of the wireless portable data terminal of the second illustrative embodiment of the present 
invention; 

Fig. 13A is a perspective view of a third illustrative embodiment of the wireless bar code 
driven portable data terminal system of the present invention, wherein its automatically-triggered 
(i.e. activated) bar code reading engine is used to read a bar code symbol on a package and the 
symbol character data representative of the read bar code is automatically transmitted to its 
cradle-providing base station by way of an RF-enabled 2-way data communication link; 

Fig. 13B is a perspective view of the 1-D and 2-D laser scanning bar code reading engine 
embodied within the engine bay of the wireless bar code driven portable data terminal system 
depicted in Fig. 13 A, illustrating the overlapping spatial relationship of its laser-based object 
detection field, laser-based bar code detection field and laser-based bar code reading field; 

Fig. 13C is a schematic block system diagram showing the various subsystem blocks 
comprising the automatically-activated laser scanning bar code reading engine employed in the 
wireless portable data terminal shown in Fig. 13 A; 

Fig. 1 3D is a schematic representation illustrating the improved single-handed operation 
of the wireless portable data terminal of the third illustrative embodiment of the present 
invention; 

Fig. 14A is a perspective view of a fourth illustrative embodiment of the wireless bar 
code driven portable data terminal system of the present invention, wherein its linear (ID) 
imaging engine is used to read a bar code symbol (or other graphical intelligence) on a package 
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and the symbol character data representative of the read bar code is automatically transmitted to 
its cradle-providing base station by way of an RF-enabled 2-way data communication link; 

Fig. 14B is an exploded view of the components comprising laser (or VLD) illuminated 
linear-imaging engine embodied within the engine bay of the wireless bar code driven portable 
data terminal system depicted in Fig. 14A; 

Fig. 14C is a schematic block system diagram showing the various subsystem blocks 
comprising the wireless portable data terminal shown in Fig. 14 A, wherein the illumination and 
imaging of a bar code bearing object is carried out by a manually-triggered linear-imaging 
engine that is integrated within the wireless portable data terminal, and programmably 
configured for image-based bar code reading operation upon manually depressing the imager 
activation button (i.e. switch) provided on the user control console of the wireless portable data 
terminal; 

Fig. 14D is a schematic block system diagram showing the various subsystem blocks 
comprising the wireless portable data terminal shown in Fig. 14A, wherein the illumination and 
imaging of a bar code bearing object is carried out by an automatically-triggered linear-imaging 
engine with IR-based object detection that is integrated within the wireless portable data 
terminal, and programmably configured for automatic image-based bar code reading operation 
and transmission of symbol character data to its remote base terminal upon manually depressing 
the data transmission button (i.e. switch) provided on the user control console of the wireless 
portable data terminal; 

Fig. 14E is a schematic block system diagram showing the various subsystem blocks 
comprising the wireless portable data terminal shown in Fig. 14A, wherein the illumination and 
imaging of a bar code bearing object is carried out by an automatically-triggered linear-imaging 
engine with laser-based object detection that is integrated within the wireless portable data 
terminal, and programmably configured for automatic image-based bar code reading operation 
and transmission of symbol character data to its remote base terminal upon manually depressing 
the data transmission button (i.e. switch) provided on the user control console of the wireless 
portable data terminal; 

Fig. 14F is a schematic block system diagram showing the various subsystem blocks 
comprising the wireless portable data terminal shown in Fig. 14A, wherein the illumination and 
imaging of a bar code bearing object is carried out by an automatically-triggered linear-imaging 

Page 13 of 55 



) ) 

engine with passive CCD-based object detection that is integrated within the wireless portable 
data terminal, and programmably configured for automatic image-based bar code reading 
operation and transmission of symbol character data to its remote base terminal upon manually 
depressing the data transmission button (i.e. switch) provided on the user control console of the 
wireless portable data terminal; 

Fig. 14G is a schematic block system diagram showing the various subsystem blocks 
comprising the wireless portable data terminal shown in Fig. 14A, wherein the illumination and 
imaging of a bar code bearing object is carried out by an automatically-triggered linear-imaging 
engine (without automatic object detection) that is integrated within the wireless portable data 
terminal, and programmably configured for automatic image-based bar code reading operation 
and transmission of symbol character data to its remote base terminal upon manually depressing 
the data transmission button (i.e. switch) provided on the user control console of the wireless 
portable data terminal; 

Fig. 14H is a schematic representation illustrating the improved single-handed operation 
of the wireless portable data terminal shown in Figs. 14A through 14G; 

Fig. 15A is a perspective view of a fifth illustrative embodiment of the wireless bar code 
driven portable data terminal system of the present invention, wherein its area (2D) imaging 
engine is used to read a bar code symbol (or other graphical intelligence) on a package and the 
symbol character data representative of the read bar code is automatically transmitted to its 
cradle-providing base station by way of an RF-enabled 2-way data communication link; 

Fig. 15B is an exploded view of the components comprising laser (or VLD) illuminated 
linear-imaging engine embodied within the engine bay of the wireless bar code driven portable 
data terminal system depicted in Fig. 15 A; 

Fig. 15C is a schematic block system diagram showing the various subsystem blocks 
comprising the wireless portable data terminal shown in Fig. 15 A, wherein the illumination and 
imaging of a bar code bearing object is carried out by a manually-triggered linear-imaging 
engine that is integrated within the wireless portable data terminal, and programmably 
configured for image-based bar code reading operation upon manually depressing the imager 
activation button (i.e. switch) provided on the user control console of the wireless portable data 
terminal; 
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Fig. 15D is a schematic block system diagram showing the various subsystem blocks 
comprising the wireless portable data terminal shown in Fig. 15 A, wherein the illumination and 
imaging of a bar code bearing object is carried out by an automatically-triggered linear-imaging 
engine with IR-based object detection that is integrated within the wireless portable data 
terminal, and programmably configured for automatic image-based bar code reading operation 
and transmission of symbol character data to its remote base terminal upon manually depressing 
the data transmission button (i.e. switch) provided on the user control console of the wireless 
portable data terminal; 

Fig. 15E is a schematic block system diagram showing the various subsystem blocks 
comprising the wireless portable data terminal shown in Fig. 15 A, wherein the illumination and 
imaging of a bar code bearing object is carried out by an automatically-triggered linear-imaging 
engine with laser-based object detection that is integrated within the wireless portable data 
terminal, and programmably configured for automatic image-based bar code reading operation 
and transmission of symbol character data to its remote base terminal upon manually depressing 
the data transmission button (i.e. switch) provided on the user control console of the wireless 
portable data terminal; 

Fig. 15F is a schematic block system diagram showing the various subsystem blocks 
comprising the wireless portable data terminal shown in Fig. 15 A, wherein the illumination and 
imaging of a bar code bearing object is carried out by an automatically-triggered linear-imaging 
engine with passive CCD-based object detection that is integrated within the wireless portable 
data terminal, and programmably configured for automatic image-based bar code reading 
operation and transmission of symbol character data to its remote base terminal upon manually 
depressing the data transmission button (i.e. switch) provided on the user control console of the 
wireless portable data terminal; 

Fig. 15G is a schematic block system diagram showing the various subsystem blocks 
comprising the wireless portable data terminal shown in Fig. 15 A, wherein the illumination and 
imaging of a bar code bearing object is carried out by an automatically-triggered linear-imaging 
engine (without automatic object detection) that is integrated within the wireless portable data 
terminal, and programmably configured for automatic image-based bar code reading operation 
and transmission of symbol character data to its remote base terminal upon manually depressing 
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the data transmission button (i.e. switch) provided on the user control console of the wireless 
portable data terminal; and 

Fig. 15H is a schematic representation illustrating the improved single-handed operation 
of the wireless portable data terminal shown in Figs. 15A through 15G. 

DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS OF THE PRESENT 

INVENTION 

Referring to the figures in the accompanying Drawings, the various illustrative 
embodiments of the automatically-activated laser scanning bar code symbol reading system of 
the present invention will be described in great detail, wherein like elements will be indicated 
using like reference numerals. 

In general, the present invention has several different aspects which can be best 
appreciated when viewed as a single exposition. 

The first aspect of the present invention relates to a novel wireless bar code symbol 
driven portable data terminal (PDT) system physically configured for truly single-handed 
operation. 

The second aspect of invention relates to a novel method of navigating through and 
interacting with information structures within database using the wireless PDT of the present 
invention. 

The third aspect of the present invention relates to a novel integrated development 
environment that supports rapid visual-based development of end-user applications deployable 
on the wireless PDT of the present invention. 

Such aspects of the present invention will be now specified in detail hereinbelow. 

Wireless Bar Code Symbol Driven Portable Data Terminal (TDD System Physically Configured 
For Truly Single-Handed Operation 

The structure and function of the wireless bar code driven portable data terminal (PDT) 
system of the present invention will be now described in detail with reference to Figs. 1A 
through 10, the 
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As shown in Figs. 1A, IB and 1C, the wireless PDT system of the present invention 1 
comprises: a wireless hand-supportable portable data terminal 2; and a base station 3 having a 
cradle portion 4 for receipt and support of the hands-supportable PDT 2. 

As shown, the wireless PDT 2 comprises: a hand-supportable housing 5 of a bar-like 
geometry having a distal end disposed away from the operator when held in his or her hand, and 
a proximate end facing the closest to the operator when held in his or her hand during operation; 
a rechargeable battery power pack 6 A and a non-rechargeable battery pack 6B supported within 
the battery bay 5C of the housing 5; a data capture engine 7 mounted within the data capture 
engine bay 5D located at the distal end of the housing, for optically capturing data about objects 
optically encoded in information structures such as bar code symbols; a LCD panel 8 with its 
backlighting automatically controlled in response to the brightness level of ambient light sensed 
by an ambient light sensor 9 located on the housing adjacent the LCD panel; an Internet-enabled 
microcomputing platform 10 mounted within the supportable housing, and capable of (i) 
running/executing application programs on a first kind of operating system (OS1) that is 
emulated on a virtual machine that is supported on a second kind of operating system (OS2) so 
that the application programs can be developed on developer computers running the first kind of 
operating system OS1, and (ii) supporting a graphical user interface (GUI) on LCD panel 8 for 
graphically displaying and manipulating documents (i.e. information files); a user control 
console 1 1 having a manual data-entry structure (e.g. membrane alpha-alphanumeric keypad) 12 
for manually entering data into these documents; circuitry 13 within the PDT housing 2 and base 
station 3 for enabling an electromagnetic-based 2-way digital data communication link (e.g. 
infrared or IR link, radio frequency or RF link or microwave link) between the PDT 2 and the 
base station 3; circuitry 14 for interfacing the base station 2 with a host computer system or 
network 15 by way of a standard digital communications interface such as RS232 or the USB 
interface. 

As the LCD panel 8 is mounted beneath the data keypad and the cursor navigational 
controls located away from its integrated bar code reading engine, and closest towards the user, 
this novel user console configuration provides an improved arrangement for a truly single- 
handed operation of the wireless PDT of the present invention. 

As shown in Figures, the base station 3 includes: (i) a base housing 16; (ii) means 17 in 
the base housing 16 for recharging the battery power pack 6A aboard the PDT terminal; (iii) 
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means 13 in the base housing 16 for enabling said electromagnetic-based 2-way digital data 
communication link 18 between the portable data terminal 2 and the base station 3 (either while 
the PDT is outside of or inside the cradle portion of the base station); and (iv) means 14 in said 
base housing for implementing said digital data communications interface between the base 
station 3 and the host computer system or network 15 using either physical (i.e. hard-wire type) 
or electromagnetic-wave based (i.e. wireless) communication media. 

As shown in Figs. 2A, 2B and 2C, the user console panel provided on the top surface of 
the hand-supportable PDT housing 2 comprises: user control console 1 1 implemented using 
membrane-switching technology and including (i) a five-position cursor navigation control 
button 20 (having left, right, up, down and IN movements) surrounded by four control function 
buttons 21A through 21D (for BACK SPACE, ESC, SPACE, and SYSTEM FUNCTION 
SELECT indicated in Fig. 5B), (ii) a data capture engine control button 22 surrounded by a pair 
of DATA ENTER function buttons 23 A and 23B positioned below the navigation control button 
20, (iii) a 3x4 data entry alphanumeric keypad 12 disposed below the data capture engine control 
button 22, and (iv) two pairs of user-programmable control function buttons 24A, 24B and 24C, 
24D positioned about a centrally positioned power ON/OFF button 25. 

In Fig. 4, the various housing and system components of the wireless PDT 2 are shown 
comprising: a bottom housing structure 5A of elongated geometry having battery pack bay 5C 
for receiving rechargeable Li-ion battery pack 6 A ( 3.7 Volts) an alkaline battery pack (2x2 
AAA) 3.0 Volts; a battery bay cover 5F for snap fitting over the battery pack bay 5C with the 
battery packs 6A, 6B loaded therein; a first printed circuit (PC) board 26 populated with surface- 
mounted integrated circuits (ICs) and other electronic components enabling the microcomputing 
platform and wireless communication link of the system, mounted within the interior portion of 
the bottom housing structure 5A; a second PC board 27 mounted over and electrically interfaced 
to first PC board 26, and having the five-position jog (cursor-navigation) switch 20 and other 
circuitry mounted thereon; color LCD panel 8 supported by a fixture 28 mounted within the 
proximate portion of the bottom housing structure 5B; ambient light sensor 9 mounted beneath 
the LCD panel 8 (e.g. beneath the brand logo of the product), with its associated backlight 
control circuitry supported on the first PC board 26; a rubberized membrane-switching structure 
29, supported upon the second PC board 27 so that the five-position job button 20 is aligned with 
and is disposed under the central rubber button 30 formed in the membrane structure 29, and 
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providing (i) four fixed function buttons 21 A, 2 IB, 21C and 2 ID arranged around the five- 
position job (i.e. GUI cursor control button) 20 for selecting the back space, escape, space and 
function-select functions of the PDT, respectively, (ii) left enter button 23A, scan activate (or 
data transfer) button 22, and right enter button 23B, (iii) 3x4 array of alphanumeric buttons 12, 
and (iv) linear array of four user-programmable function buttons/keys 24A, 24B, 24C and 24D, 
arranged about the ON/OFF power button 25 of the PDT; a top housing structure 5A with 
apertures for providing user access to the LCD panel and elements of the membrane-switching 
structure 29, respectively, and designed to snap-fit together with the bottom housing structure 
5A, such that the PC board, mounting structure, LCD panel and the rubberized membrane- 
switching structure are disposed therebetween; a head housing component 5G with an integrated 
scanning window 31, adapted to snap-fit over and enclose the front end of the assembled housing 
structure, behind and within which data capture engine (e.g. bar code reading engine) 7. 

As shown in the systems diagram of Fig. 6, the wireless hand-supportable portable data 
terminal 2 comprises a number of subsystems integrated about a system bus, namely: a data 
transmission circuit 32 for realizing the PDT side of the electromagnetic-based wireless 2-way 
data communication link 13; program memory (e.g. DRAM) 33; non-volatile memory (e.g. 
SRAM) 34; data capture engine 7 for optically capturing data encoded within an information 
structure (e.g. bar code symbol); a manual data entry device such as a membrane-switching type 
keypad 12; LCD panel 8; an LCD controller 35; LCD backlight brightness control circuit 36; and 
a system processor 37 integrated with a systems bus (e.g. data, address and control buses); and a 
real-time clock (RTC) circuit 38. Also, a battery power supply circuit 39 is provided for 
supplying regulated power supplies to the various subsystems, at particular voltages determined 
by the technology used to implement the PDT device. 

As shown in Fig. 6, the base station 3 also comprises a number of integrated subsystems, 
namely: a data receiver circuit 40 for realizing the base side of the electromagnetic-based 
wireless 2-way data communication link 13; a data transmission subsystem 14 including a 
communication control module; a base station controller 42 (e.g. programmed microcontroller) 
for controlling the operations of the base station 3. As shown, the data transmission subsystem 
14 interfaces with the host system or network by way of the USB or RS232 communication 
interfaces, well known in the art. Taken together, data transmission and reception circuits 32 and 
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40 realize the wireless electromagnetic 2-way digital data communication link 13 employed by 
the wireless PDT of the present invention. 

The system architecture shown in Fig. 6 can be implemented using more specific 
implementation components shown in Fig. 7. 

In particular, the system processor 37, the RTC 38, the systems bus (i.e. address bus, data 
bus and control bus), the LCD controller 35, and the universal asynchronous receiver/transmitter 
(UART) associated with the data transmission circuit 32 is realized using an integrated portable 
system processor 44 (e.g. DragonBall™ VZ Integrated Processor MC68VZ328 from Motorola 
Corporation). Program memory 33 is realized using 8MB of SDRAM. Non-volatile memory 34 
is realized using 2MB of Flash for system parameter, and 4x1 6MB of SRAM 45 for user data 
storage. 

In general, the data capture engine 7 can be realized using any device capable of 
optically capturing and reading data encoded within an information structure (e.g. bar code 
symbol) or alphanumeric string. In the various illustrative embodiments disclosed herein, the 
data capture engine is shown realized as a laser scanning 1D/2D bar code symbol reading engine 
employed in the illustrative embodiments of Figs. 1 1 A through 13D, a laser or LED illuminated 
linear-type (ID) imaging engine employed in the embodiments of Figs. 14A through 14H, and a 
laser or LED illuminated area-type (2D) imaging engine employed in the illustrative embodiment 
shown in Figs. 15A through 15H. 

As illustrated in Figs. 1A through 5B, manual data entry device 12 is realized as a 
membrane-switching type keypad, whereas the visual display panel 8 is realized as a high- 
resolution color LCD panel LCD backlight brightness control circuit 36 is shown in greater detail 
in Fig, 8. 

The battery power supply circuit 39 is realized using a rechargeable 3.7 lithium-ion (Li- 
ion) battery or two 1.2 AAA-type rechargeable batteries. These batteries produce an power 
supply which is provided to two DC-DC power converters 47A and 47B for the purpose of 
generating (i) a 5.0 Volt power supply for powering the data capture engine (e.g. laser scanning 
bar code reading engine) 7, and (ii) a 3.3 Volt supply for powering electrical components 
employed throughout the PDT. As shown, charging circuit 48, powered by the 3.3 Volt supply, 
is provided within the PDT for automatically charging a Li-ion backup battery 49 used to power 
the SRAM 45 and the RTC 38 employed in the processor 44 within the PDT. 
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As shown in Fig. 7, the data receiver circuit 40 employed in the base station 3 of the 
illustrative embodiment is realized using an IrDA receiver 50B, to matched to the IrDA 
transmitter 50A employed in the wireless PDT 2. The data transmission subsystem 14 is realized 
using a microcontroller 51 programmed to implement a communication controller 52 having a 
communication control module 53A, USB and RS232 communication control modules 54A and 
54B, and a USB transceiver 55A and RS232 transceiver 55B, and a communication port 56. As 
shown, the data transmission subsystem 14 interfaces with the host system or network by way of 
the USB or RS232 communication interfaces, well known in the art. Also, battery recharging 
unit 17 is provided within the cradle of the base station for the purpose of recharging the battery 
power pack 6A when the PDT is inserted and stored within the cradle of the base station. When 
inserted within the cradle portion of the base station, the PDT automatically enters a data 
transmission mode of operation, and transmits any collected user data stored within the database 
maintained in SRAM 45, to the host system 15 to which the base station 3 is connected by way 
of either the USB or RS232 serial data communication interface. Details regarding such data 
communication interfaces is described in greater detail in copending US Application No. 
09/960,247 filed September 21, 2001 incorporated herein by reference. 

Taken together, data transmission and reception circuits 50A and SOB realize the wireless 
electromagnetic 2- way digital data communication link 13 employed by the wireless PDT of the 
present invention. While infrared energy is used to realize the data communication link of the 
illustrative embodiment, it is understood that RF communication technologies such as 
Bluetooth™ RF transceiver chip sets can be used alternatively for circuits 50A and 50B, with the 
added benefit of greater data communication range and 2-way communication while the wireless 
PDT is being used outside of the cradle portion of the base station. 

An additional feature provided within the cradle of the base station 36 is a smart battery 
charger capable of automatically detecting a rechargeable-type battery (e.g. Li-ion battery) 
contained within its battery pack bay of the wireless PDT, and will only charge the Li-ion 
battery, and not an Alkaline battery pack if contained within the battery bay. 

Within the cradle there are two charge sockets, namely: one for "main" battery, the other 
is for "spare" battery. The main battery is given highest recharging priority, while the spare 
battery is not. When the main battery is detected in the cradle of the base station, the recharging 
circuit contained therein will automatically charge the main battery firstly, and when it is fully 
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charged or no longer detected in the base station cradle, the recharging circuit therein will 
automatically switch to recharge the spare battery. When the battery icon flashes on the display 
screen of the PDT, this indicates that the main battery is recharging. When an LED on the base 
station cradle is blinking, this indicates that the spare battery recharging. When the spare battery 
is fully recharged, then the LED will be remain actively illuminated, otherwise the LED will be 
shut off. 

In Fig. 8, the LCD backlit illumination control circuit 36 is shown realized by a circuit 
comprising: light sensor 9 (realized as a photo-resistor) for detecting the brightness level of 
ambient environment; an OR gate 58 having an output which drives the input of a MOSFET 59 
connected to the brightness control pin of the LCD panel 8. The inputs to the OR gate 58 are 
provided by (i) the processor 44, and the output of a comparator 60. This circuit is designed to 
detect the brightness of the ambient environment in which the PDT operates, and in response 
thereto, automatically activate the LCD back-light when the light level in the environment is 
determined to be sufficient dark to require backlighting. Also the circuit can disabled by the 
system controller so that the backlight can be activated manually. As shown in Fig. 8, the photo- 
resistor 9 is biased so that its resistance value will change in response to detected lighting levels. 
The photo-resistor 9 is configured so that darker detected lighting levels will generate higher 
voltages across the photo-resistor. This causes a change in voltage at one of the inputs to 
comparator 60. The second input to the comparator is set to a threshold voltage controlled by the 
microcontroller (i.e. microprocessor) 44 within the PDT. When the voltage produced by the 
photo-resistor is below the threshold voltage, then the comparator 60 will generate a high voltage 
level, as output, and this will cause open MOSFET 59, whose collector is connected to the 
brightness control pin of the LCD panel 8, to activate the backlighting structure of the LCD 
panel. When the voltage produced by the photo-resistor is above the threshold voltage, then the 
comparator 60 will generate a low voltage level, as output, and this will cause close MOSFET 
59, to deactivate the backlighting structure of the LCD panel 8. As shown, one of the I/O pins 
of the processor 44, supplied to the input of OR gate while the other input thereto is provided as 
the output from the comparator 60, can be used to deactivate this backlighting control function, 
and enable manual or processor control of the LCD backlight if desired or required by the 
application at hand. While this simple circuit suffices to control the brightness level of the LCD 
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panel in response to the sensed ambient lighting levels, it is understood that other circuits can be 
used to carry out this functionality. 

Integrated Development Environment (IDE) Of The Present Invention For Developing and 
Deploying Applications On The Wireless PPT 

In general, the IDE of the present invention comprises a development environment 
which is characterized by: (i) the various tools provided on the developer's host computer 
illustrated in Fig. 9B; and (ii) the various tools provided on the wireless PDT illustrated in Fig. 
9A. The graphical user interface (GUI) for the IDE is provided by the AppGen program shown 
in Fig. 9B. 

A primary object of the AppnGen program is to provide a powerful set of easy-to-use 
application development tools for developing applications that can be run on the wireless PDT 
hereof, which employs a virtual machine (MVM) so that developed applications can be run on 
operating systems (OS) other than the operating system upon which the development 
environment operates. Thus, using the IDE of the present invention, end-user applications can 
be developed on developer computers (PCs) running Microsoft's Windows 2000 OS, while such 
applications can be deployed on run-time environments supported by operating systems such as 
uClinux, having ultra-low or no user license fees. 

A notable feature of the IDE of the present invention is that it enables "drag-and-drop" 
type visually-oriented programming within a "what you see is what you get (WYSIWYG) 
development environment. Also, tools are provided for simply creating SQL relational database 
management systems (RDBMS) that are supported either within memory structures aboard the 
PDT, or alternatively aboard Web-enabled database servers connected to an IP-based network, to 
which the base station of the present invention is interfaced directly or by way of a host 
computer system. Development tools illustrated in Figs. 9A through 10C8, support "even- 
driven" programming, wherein the developer simply defines what actions are to occur in 
response to specified events. 

Fig. 9A illustrates the various layers of software supported at run-time on the micro- 
computing platform 10 of the wireless PDT 2. As shown, the compiled object code associated 
with any run-time application is run upon a Virtual Machine (MVM) which, functioning as a 
virtual operating system (OS1) is, in turn, run upon another different hardware-supported 

Page 23 of 55 



) ) 

operating system (e.g. uClinux OS), indicated by OS2. As shown, the microcomputing platform 
(i.e. hardware) of the PDT supports various software layers namely: flash driver; IrDA driver; 
battery driver; misc. driver; keypad driver; data capture engine (uQ) driver; LCD driver; 
SCRAM driver; file driver; bootloader; uClinux operating system (OS2); DB API; String API; 
Type API; System Server; Display Server; Decode Library; Compatibility Library; System API; 
Widget API; Decoder API; User Program (by C language); Virtual Machine (MVM); and M20 
(compiled object code). 

Fig. 9B illustrates the various layers of software modules that are supported on the 
hardware of the host computing platform during the development of an application to be ported 
to MVM of the wireless PDT 2. As shown, the host computing platform of the developer's 
computer supports various software layers, namely: Windows OS (OS1); M2LCC; Action OCX; 
M2L language generator; template editor; SYNC; Screen Editor; MVM; DB API; Barcode API; 
Widget API; Display Server; Simulator; ApplnGen; and M20. 

Notably, some of these software modules are common to both the development and 
deployment (i.e. run-time) environments. These software modules will be specified below. 

Software Modules Employed On The PDT's Computing Platform 

The MVM module runs on uClinux/DragonBall platform, and has an interface with the 
display server module, and the system server module. The System server module administrates 
the system, manages beep/LED/backlight, and monitor battery volume. The Display server 
module executes draw LCD directives from the MVM module or the USER program, and 
submits key code and barcode to the MVM or the USER program. 

The uClinux OS is a derivative of Linus 2.x kernel intended for microcontrollers without 
Memory Management Units (MMUs). In the illustrative embodiment, it has been ported to 
Dragonball VS. 

The Bootloader module initializes the whole system including hardware and software, 
and loading the kernel into program memory and generating a user defined welcome message for 
display on the LCD panel upon start-up of the system. 

The Flash Driver provide standard interface to kernel's upper layer to read/write contents 
on flash memory 
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The IRDA Driver provides an IRDA RFCOMM interface to the system. 

The Battery Driver accesses the real-time voltage data relating to the onboard battery 

pack. 

The Misc. Drivers control the activation (i.e. on/off) of the LED, the audible BEEP, the 
LCD backlight, and system sleep mode. 

The Keypad Driver accesses key code data generated by the keypad. 

The data capture engine (i.e. uQ) driver accesses raw symbol character data generated by 
the data capture engine. 

The LCD driver displays the contents to be drawn on the LCD panel and controls the 
operation of the LCD panel itself. 

The SRAM driver provides a standard interface for the user to read/write application- 
related content into the SCRAM provide aboard the PDT. 

The File system comprises a number of software submodule, namely: ROM file system 
(ROMfx); RAM file system (RAMfs); and Journaling Flash File System (JEFS). The ROMfx 
submodule stores the root file system (read only). The RAMfs submodule stores temp user files. 
The JFFS submodule stores user files/data. 

The Database API performs general database operations. Specifically, this API supports 
the following SQL commands: CREATE DATABASE; OPEN DATABASE; DROP 
DATABASE; CREATE TABLE; OPEN TABLE; DROP TABLE; INSERT RECORDS INTO 
TABLE; UPDATE TABLE RECORDS; DELETE TABLE RECORDS; SELECT RECORDS 
FROM TABLE INTO A RECORDSET; and TRAVERSE RECORDSET. The input to this API 
are SQL commands, and the output therefrom is data and the status of executed commands. All 
the table data is stored in a relational database management system (RDBMS) implemented in (i) 
SRAM (or like) persistent memory aboard the PDT when the PDT is configured for use in a 
"batch" wireless PDT mode, or in alternative applications, in (ii) persistent memory located on 
an Web-enabled RDBMS server or the like operably connected to the infrastructure of the 
Internet or other IP-based information network when the PDT is configured for operation in a 
"real-time" Web-enabled wireless PDT mode. If the DRAM loses power, then the Database API 
will restore the database system. 

The TYPE API performs general variable type operations. Specifically, this API 
supports the following data variable types: INTEGER; BOOLEAN; REAL; PRICE; STRING; 
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DATETIME; DATE; and TIME. This API supports the following functions: Declare a variable 
as a type; Assign a constant value to a variable; Assign a variable's value to another variable; 
Perform add, subtract, multiple, divide mathematics operation; Turn a variable into string to 
display; and Support date time mathematics operation. The input to this API are variable type 
operation commands, and the output therefrom is a variable value. 

The String API performs general string operations. Specifically. This API supports the 
following functions: Assign value; catenate string; Format a string; Display a string; Split a 
string into pieces; Extract a substring; and Calculate the string length. The input to this API are 
string operation commands, and the output therefrom is a string. 

The System API provides the following system information elements: battery status; get 
and set system date and time; get Battery status; get memory status; get and set backlight status; 
get and set transmit port; and 

get and set transmit speed. The input to this API are system operation commands, and the output 
therefrom is operation executed status. 

The Widget API provides support for generating display screens for the user application. 

The Decoder API provides algorithmic support for decoding scanned bar code symbols. 

The Systems Server provides support for interfacing the processor with peripheral 
elements such as batteries, the RTC, etc. 

The Display Server provides support for abstracting display functions across the 
platform. 

The Decode Library provides resources (i.e. classes) for decoding bar code symbols 
scanned by the data capture engine (i.e. bar code reader). 

The Compatibility Library provides an interface for programming with backward 
compatibility. Developers may have written application programs using an old library, and they 
do not want to rewrite the program. The compatibility library includes: system library; reader 
machine library; keyboard wedge library; buzzer library; calendar library; and file process 
library. The input to this interface is the user program's function call, and the output therefrom is 
the status of the executed function (i.e. function executed status). 

Software Modules On The Developer's Computing Platform 
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The software modules unique to the developer's computer system, preferably the 
Windows OS, will be described below. 

The function of the AppGen program module (i.e. Application Generator) is to create a 
graphical user interface and tools for use by developers to design, build and test end-user 
applications adapted to run on deployed PDTs of the present invention. Details regarding the 
GUI and functionalities supported by the AppGen program module shown in Fig. 9 are described 
in the method of use flow charts set for in Figs. 10B1 through 10C8. 

The Screen Editor module shown in Fig. 9B is used to create objects found in the 
Presentation layer of an application under development. The Screen Editor provides a 
WYSIWYG graphical user interface that allows user to design the display screen with pre- 
designed components. The Screen Editor module is used by the developer for creating both the 
"Main Screen" and the "Overlay Area" of the user's display screen. This tool can be used to 
Create, modify, delete, and drag-and-drop screen objects (e.g. Label, Menu and Input Area) on 
the enlarged placement pad of the design view. This tool supports: the creation of multiple user 
screens; and the creation and modification of user-defined variables. This tool also provides a 
real-size preview pad for presenting an updated view of the current screen to be laid out on the 
LCD panel. It also includes a font and monochrome bitmap generator. 

The Database Editor module shown in Fig. 9B is used to create objects found in the 
Database layer of the application under development. The Database Editor allows the developer 
to create new databases and define the structure for each database. The function of the Database 
Editor module is to create new database and also delete some databases. This tool is used to 
create a database, create tables for the database, and define the field names and field types, as 
well as other properties, therefor. Developers can modify their database structure or table 
structure using this editor when they want to effect some changes in their databases. Commands 
associated with this tool include: create database, delete database, create table, delete table, 
create field, delete field, rename field name, change field data type and so on. 

The Event Actions Editor module shown in Fig. 9B is used to create objects found in the 
Control layer of the application which bind together objects in the Presentation Layer and objects 
in the Database Layer by defining program actions to respond to predefined events when user 
input occurs to the graphic components on the screen. 
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On the developer's computing platform, the Screen Editor module needs to communicate 
with virtual machine. The Simulator module uses a windows socket to communicate between 
Screen Editor and the Virtual Machine (MVM). When the developer uses the Screen Editor to 
edit the screen, the Simulator sends the commands to virtual machine (MVM), then virtual 
machine draws the bitmap and returns the handler to the Simulator, and then Simulator displays 
the bitmap to developer/user. What the user sees in the Simulator is the same as he will see in 
LDC. The Simulator also processes the user's keypad event. When user uses the Simulator's 
keypad, the Simulator responds to the key event and displays the corresponding display screen. 
The input to the Screen Editor module are the screen editor's commands, and the output 
therefrom is a DIB handler. 

The Action OCX module produces actions only for the following three cases: when 
entering a screen; leaving a screen; and when using an input area. With the Actions OCX 
module, application developers can add specific actions for the three cases identified above. 
This module supports the following action types: Condition Type; Database Type; Display Type; 
Loop Type; and System Type. Developers should choose an action type first and then choose an 
action from the group they have chosen. A form for the action definition will be loaded and 
displayed, and users can define their action in the displayed form. Thereafter, the form will 
disappear and a description sentence of the action will be displayed in a grid cell. When 
developer wants to modify his or her action which has been defined, he or she simply needs to 
double click on the grid cell of the action description. The definition form will reload, and 
thereafter, the action can be modified as desired. 

The Widget APIs provide interfaces for creating and manipulating screens and screen 
objects defined by the AppGen, running on the developer's computer system. 

The function of the M2L language Auto-Generator is to convert the output of the 
AppGen program module into test M2L code language (i.e. executable object code) for 
execution on the deployed PDT. 

The function of the Template Editor is to generate predefined templates for rapid 
application development. 

The function of the Barcode API is to read symbol character data produced as output 
from the bar code reading data capture engine of the illustrative embodiments. 
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The function of SYNC module is to support the downloading and uploading of data 
between the developer's host PC the deployed PDT. 

The function of the M2LCC compiler module is to convert application source code to 
application object code for execution on the MVM within the PDT. 

The function of the Display Server module is to handle the simulated LCD panel during 
application development, and handle the actual LCD panel on the deployed PDT. 

The M20 is generated object code compiled to run on the MVM (i.e. virtual machine of 
the present invention). 

The function of the DB API is to define and support the database operations within the 

PDT. 

Fig. 1 OA is a flow chart illustrating the flow and interaction between the application and 
development programs running on the wireless portable data terminal and the application 
developer's computer system, respectively, and the user input and documents generated during 
this process. Collectively, these development and deployment environments comprise an 
integrated development environment (IDE) capable of generating sophisticated applications. 
The blocks on the left side of Fig. 10 illustrate events that occur during application development 
on the developer's computer system including the generation of the final application in the form 
of binary executable code (i.e. m20) and the downloading of the same onto the wireless portable 
data terminal. The blocks on the right side of Fig. 10 illustrates how the final application runs, 
when downloaded in binary executable code (i.e. m20) onto the wireless portable data terminal. 

The flow chart shown in Figs. 10B1 and 10B2 describes the primary software component 
modules used by the AppGen program on the developer computer system, and what application 
development functions are carried out by such modules on the IDE of the present invention. 

In Figs. 101 through 10C7, a high-level tutorial is presented showing how to use the 
AppGen (i.e. Application Generation) program of the present invention, so as to simply and 
rapidly design and implement wireless PDT-supported information systems (i.e. PDT-supported 
applications). Notably, each such PDT-supported application (i.e. system) comprises: (i) a 
Presentation Layer characterized by rich graphical user interface (GUI) screens constructed using 
a visual WYSIWYG Screen Editor, and displayed on the PDT's color LCD panel; (ii) a Data 
Layer characterized by SQL databases supported within the PDT(s), or within Web-enabled 
RDBMS servers connected to IP-based information networks such as the Internet; and (iii) a 
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Control Layer characterized by easily implemented business logic using event-driven 
programming techniques. 

As indicated above, the Presentation Layer of an application under development is 
created using the Screen Editor module shown in Fig. 9B, which provide a WYSIWYG graphical 
user interface that allows user to design the display screen with pre-designed components. The 
Database Layer of the application is created using the Database Editor module shown in Fig. 9B, 
which allows the developer to create new databases and define the structure for each database. 
The Control Layer of the application is created using the Event Actions Editor module shown in 
Fig. 9B, which.allows the developer to define program actions to respond to predefined events 
when user input occurs to the graphic components on the screen. 

In Fig. 10C1, there is shown an image of the startup screen. Notably, the left tab thereof 
shows that the files associated with a "system" (i.e. application) to be created under a "Project" 
heading will be organized according to Presentation, Database and Control Layers, as described 
above. The developer will first design the graphical presentation and then define the database 
structures. Then in order to bind together (i) database (entity) objects within the Database Layer 
to (ii) interface (GUI) objects within the Presentation Layer, the developer creates control objects 
(found within the Control Layer by defining the program actions to occur in response to events 
that may occur as a result of an end-user interacting with the interface objects presented on the 
display screen of a deployed wireless PDT of the present invention. 

As shown in Fig. 10C2, using the Screen Editor module the developer can add pre- 
defined graphical components onto the GUI of the Screen Editor program simply via drag and 
drop operations. The popup window shown in Fig. 10C2 is used to modify the attributes of each 
graphical component (object) being used to build a display screen. The main graphical 
components used to build GUI screens for the PDT are Label (both text and bitmap), Input Area 
and Menu. 

As shown in Fig. 10C3, using the Database Editor module, the developer can define the 
structure of the database to be created for use in the application. 

As shown in Fig. 10C4, using the Events Action Editor module, the developer can bind 
together (i) database (entity) objects within the Database Layer to (ii) interface (GUI) objects 
within the Presentation Layer of the application (i.e. system) under development. Such control 
objects are created within the Control Layer by defining the program actions to occur in response 
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to events that may occur as a result of an end-user interacting with the interface objects presented 
on the display screen of a deployed wireless PDT of the present invention. When using the 
Events Action Editor, predefined actions are uniquely associated with graphical components, and 
by simply dragging and dropping graphical components, the required binding operations can be 
created to bind objects together between the Presentation and Database Layers of the application 
under development. For example, when a barcode is scanned, one can create an action to insert 
it into the database, as shown in Fig. 10C5. When an input area receives an ENTER key event 
(as illustrated in Figs. 10C6 and 10C7), an action may be created to respond to that event. Also, 
for each event, multiple lines of action may be added, as well as loops and conditions, thereby 
making the Action Editor module a comprehensive graphical (visually-controlled) programming 
tool within the IDE of the present invention. 

The application program under development will be complete once the GUI screens have 
been created and laid out, the databases created and defined, and all the actions have been 
defined for the events associated with the graphical components and user input. Thereafter, the 
complete application program can be compiled into a *.m2o file (i.e. object code) and run on the 
virtual machine (MVM) of either the Simulator module as shown in Fig. 10C8, or on a deployed 
wireless PDT as illustrated in Figs. 1 A through 8. 

Summary of Features Embodied Within The Wireless PDT of the Illustrative Embodiment of 
The Present Invention 

As described above, the wireless PDT of the present invention has the form factor of a 
small wireless portable unit designed for true single-handed operation. In the illustrative 
embodiment, the wireless PDT is powered by either 2AA batteries or by a Lithium-ion 
rechargeable battery, and is equipped with an integrated color LCD display panel, an alpha- 
numerical keypad with joggle (i.e. cursor navigation) and function keys, and an data capture 
engine capable of reading ID and 2D bar code symbols, as well alphanumerical characters and 
other forms of graphical intelligence appearing in business enterprises. The PDT may be 
programmed from a PC, providing user-customizable scan and database functions. Host 
communication can be supported through any type of electromagnetic energy based 2-way data 
communication interface. Preferably, the PDT employs an embedded OS such as uClinux. A 
virtual machine (MVM) operates on top of the OS's (uClinux and Windows) to provide cross- 
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platform development capabilities. An Application generator (AppGen) runs on Windows to 
provide screening editing to the customer. VM object code is generated by the AppGen to run 
either on uClinux or Windows. An additional server, accepting command packets from the 
MVM, actually handles the platform-depend aspects such as display, scanner interface, and 
database management. The base station 3 provides the following functionality: charging the 
battery in the terminal; charging an additional battery at the same time; passing data from the 
terminars IRDA port to the host. It provides multiple interfaces to the host - RS232, USB, 
Keyboard Wedge, etc. The interface selection is intelligently controlled by a programmed 
microprocessor. 



FIRST ILLUSTRATIVE EMBODIMENT OF THE WIRELESS BAR CODE DRIVEN 
PORTABLE DATA TERMINAL SYSTEM OF THE PRESENT INVENTION " 



Figs. 11A through 11D show a first illustrative embodiment of the wireless bar code 
driven portable data terminal system of the present invention 2A. As shown in Fig. 11 A, the 
manually-triggered bar code reading engine 7A within the PDT is manually activated to read a 
bar code symbol 70 on a package 71 and the symbol character data representative of the read bar 
code is automatically transmitted to its cradle-providing base station 3A by way of an RF- 
enabled 2-way data communication link 18, when the operator uses his or her thumb to depress 
the bar code read activation switch 20 provided on its user control console. 

Fig. 11B shows the 1-D and 2-D laser scanning bar code reading engine 7A embodied 
within the engine bay of the wireless bar code driven portable data terminal system 2 A depicted 
in Fig. 1 1 A. This figure also illustrates the overlapping spatial relationship of its laser-based bar 
code detection field 72A and laser-based bar code reading field 72B. Figs. 1 1C1 through 1 1C4 
illustrate the subcomponents used to construct this engine. Details regarding this engine design 
are set forth in WIPO Publication No. WO 00/33239 incorporated herein by reference. 

The manually -triggered wireless PDT 2 A shown in Figs. 11A through 11C can be 
modeled using a number of functional subsystem blocks arranged in accordance with the system 
diagram shown in Fig. 1 ID. As shown, the PDT 2A comprises: a hand-supportable housing 5; a 
laser scanning bar code reading engine 7 A, having a laser-based bar code detection subsystem 
and laser-based bar code reading subsystem, capable of projecting a laser illumination beam 75 
through its scanning window 31 in coplanar relationship with its field of view (FOV) 76; user 



Page 32 of 55 



) ") 

control console 10; a high-resolution color LCD display panel 8 mounted below the user control 
console and integrated with the hand-supportable housing, for displaying, in a real-time manner, 
captured images, data being entered into the system, and graphical user interfaces (GUIs) 
generated by the end-user application running on the virtual machine of the wireless PDT; and a 
computer control subsystem contained within the PDT housing, for carrying out system control 
operations according to the requirements of the end-user application to be implemented upon the 
hardware and software platforms of the wireless PDT of this illustrative embodiment. Details 
regarding the operation of the bar code reading engine design employed in this illustrative 
embodiment are set forth in WIPO Publication No. WO 00/33239 incorporated herein by 
reference. 

As shown in Fig. 1 ID, the base station 3 A associated with PDT 2 A comprises a data 
transmission subsystem 14 and other subsystem components not shown but described in detail 
hereinabove with respect to Figs. 6 and 7, (e.g. relating to battery recharging, and data 
communication interfacing with a host system operably connected to digital communication 
network, such as a LAN or WAN supporting a networking protocol such as TCP/IP, AppleTalk 
or the like). 

The subsystems associated with the wireless PDT and its base station can be 
implemented in a straightforward manner using the hardware and software implementation 
platforms illustrated in Figs. 6 through 9A. 

In Fig. HE, the wireless portable data terminal of the first illustrative embodiment is 
shown used in a truly single-handed manner in accordance with the principles of the present 
invention. 

SECOND ILLUSTRATIVE EMBODIMENT OF THE WIRELESS BAR CODE DRIVEN 
PORTABLE DATA TERMINAL SYSTEM OF THE PRESENT INVENTION 

Figs. 12A through 12C show a second illustrative embodiment of the wireless bar code 
driven portable data terminal system of the present invention 2B. As illustrated in Fig. 12A, the 
automatically-triggered (i.e. activated) bar code reading engine 7B within the PDT is 
automatically activated to read a bar code symbol 70 on a package 71 and the symbol character 
data representative of the read bar code is automatically transmitted to its cradle-providing base 
station 3B by way of an RF-enabled 2- way data communication link 18, when the operator uses 
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his or her thumb to depress the data transmission activation switch 22 provided on the user 
control console. 

Fig. 12B shows the 1-D and 2-D laser scanning bar code reading engine 7B embodied 
within the engine bay of the wireless bar code driven portable data terminal system 2B depicted 
in Fig. 12A. This figure also illustrates the overlapping spatial relationship of its IR-based object 
detection field, laser-based bar code detection field and laser-based bar code reading field. 
Details regarding this engine design are set forth in WIPO Publication No. WO 00/33239 
incorporated herein by reference. 

The automatically-triggered wireless PDT 2B shown in Figs. 12A through 12B can be 
modeled using a number of functional subsystem blocks arranged in accordance with the system 
diagram shown in Fig. 12C. As shown, the PDT 2B comprises: a hand-supportable housing 5; a 
laser scanning bar code reading engine 7B, having an IR-based object detection subsystem, laser- 
based bar code detection subsystem and laser-based bar code reading subsystem, capable of 
projecting an IR beam and a laser illumination beam through its scanning window 31 in a 
substantially coplanar relationship with its field of view (FOV); a user control console 10; a 
high-resolution color LCD display panel 8 and drivers mounted below the user control console 
10 and integrated with the hand-supportable housing, for displaying, in a real-time manner, 
captured images, data being entered into the system, and graphical user interfaces (GUIs) 
generated by the end-user application running on the virtual machine of the wireless PDT; and 
computer subsystem contained within the PDT housing, for carrying out system control 
operations according to the requirements of the end-user application to be implemented upon the 
hardware and software platforms of the wireless PDT 2B of this illustrative embodiment. Details 
regarding the operation of the bar code reading engine design employed in this illustrative 
embodiment are set forth in WIPO Publication No, WO 00/33239 incorporated herein by 
reference. 

As shown in Fig. 12C, the base station 3B associated with PDT 2B comprises a data 
transmission subsystem 14 and other subsystem components not shown but described in detail 
hereinabove with respect to Figs. 6 and 7, (e.g. relating to battery recharging, and data 
communication interfacing with a host system operably connected to digital communication 
network, such as a LAN or WAN supporting a networking protocol such as TCP/IP, AppleTalk 
or the like). 
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The subsystems associated with the wireless PDT and its base station can be 
implemented in a straightforward manner using the hardware and software implementation 
platforms illustrated in Figs. 6 through 9A. 

In Fig. 12D, the wireless portable data terminal of the second illustrative embodiment is 
shown used in a truly single-handed manner in accordance with the principles of the present 
invention. 

THIRD ILLUSTRATIVE EMBODIMENT OF THE WIRELESS BAR CODE DRIVEN 
PORTABLE DATA TERMINAL SYSTEM OF THE PRESENT INVENTION 

Figs. 13 A through 13C show a third illustrative embodiment of the wireless bar code 
driven portable data terminal system of the present invention 2C. As illustrated in Fig. 13 A, the 
automatically-triggered (i.e. activated) bar code reading engine 7C within the PDT is 
automatically activated to read a bar code symbol 70 on a package 71 and the symbol character 
data representative of the read bar code is automatically transmitted to its cradle-providing base 
station 3C by way of an RF-enabled 2-way data communication link 1 8, when the operator uses 
his or her thumb to depress the data transmission activation switch 22 provided on the user 
control console. 

Fig. 13B shows the 1-D and 2-D laser scanning bar code reading engine 7C embodied 
within the engine bay of the wireless bar code driven portable data terminal system 2C depicted 
in Fig. 13 A. This figure also illustrates the overlapping spatial relationship of its laser-based 
object detection field, laser-based bar code detection field and laser-based bar code reading field. 
Details regarding this engine design are set forth in WIPO Publication No. WO 00/33239 
incorporated herein by reference. 

The automatically-triggered wireless PDT 2C shown in Figs. 13 A through 13B can be 
modeled using a number of functional subsystem blocks arranged in accordance with the system 
diagram shown in Fig. 13C. As shown, the PDT 2C comprises: a hand-supportable housing 5; a 
laser scanning bar code reading engine 7C> having an laser-based object detection subsystem, 
laser-based bar code detection subsystem and laser-based bar code reading subsystem, capable of 
projecting a laser illumination beam through its scanning window 3 1 in a substantially coplanar 
relationship with its field of view (FOV); user control console 10; a high-resolution color LCD 
display panel 8 and drivers mounted below the user control console 10 and integrated with the 
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hand-supportable housing, for displaying, in a real-time manner, captured images, data being 
entered into the system, and graphical user interfaces (GUIs) generated by the end-user 
application running on the virtual machine of the wireless PDT; and a computer subsystem 
contained within the PDT housing, for carrying out system control operations according to the 
requirements of the end-user application to be implemented upon the hardware and software 
platforms of the wireless PDT 2C of this illustrative embodiment. Details regarding the operation 
of the bar code reading engine design employed in this illustrative embodiment are set forth in 
WIPO Publication No. WO 00/33239 incorporated herein by reference. 

As shown in Fig. 13C, the base station 3C associated with PDT 2C comprises a data 
transmission subsystem 14 and other subsystem components not shown but described in detail 
hereinabove with respect to Figs. 6 and 7, (e.g. relating to battery recharging, and data 
communication interfacing with a host system operably connected to digital communication 
network, such as a LAN or WAN supporting a networking protocol such as TCP/IP, AppleTalk 
or the like). 

The subsystems associated with the wireless PDT and its base station can be 
implemented in a straightforward manner using the hardware and software implementation 
platforms illustrated in Figs. 6 through 9A. 

In Fig. 13D, the wireless portable data terminal of the third illustrative embodiment is 
shown used in a truly single-handed manner in accordance with the principles of the present 
invention. 

FOURTH ILLUSTRATIVE EMBODIMENT OF THE WIRELESS BAR CODE DRIVEN 
PORTABLE DATA TERMINAL SYSTEM OF THE PRESENT INVENTION 

Fig. 14A is a perspective view of a fourth illustrative embodiment of the wireless bar 
code driven portable data terminal system of the present invention 2D. As shown, the linear 
(ID) imaging engine employed in the PDT is used to read a bar code symbol (or other graphical 
intelligence) on a package and the symbol character data representative of the read bar code is 
automatically transmitted to its cradle-providing base station 3D by way of an RF-enabled 2-way 
data communication link 18, when the operator depresses the image capture activation button 22 
provided on the user control console panel. 
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As shown in Fig. 14B, the laser (or VLD) illuminated linear-imaging engine 7D 
comprises a number of subcomponents, namely: an optical-bench/multi-layer PC board 80; an 
IFD (i.e. camera) subsystem mounted on the optical bench, and including 1-D (i.e. linear) CCD 
image detection array 81 having image detection elements and being contained within a light- 
box 82 provided with image formation optics 83, through which laser light collected from the 
illuminated object along the field of view (FOV) is permitted to pass; and a pair of PLIMs (i.e. 
comprising a dual- VLD or LED PLIA) 84A and 84B mounted on optical bench 80 on opposite 
sides of the IFD module, for producing a planar light beam (PLIB) within the FOV. As shown in 
Fig. 14B, the field of view of the IFD module spatially-overlaps and is coextensive (i.e. 
coplanar) with the PLIBs that are generated by the PLIMs 84A and 84B employed therein. 

There are various ways in which to control the operation of the PDT illustrated in Figs. 
14A through 14B to produce differently configured image-capture driven PDTs of the present 
invention. Several different system configurations are specified in Figs. 14C through 14G and 
described hereinbelow. 

In the system configuration shown in Fig. 14C, the illumination and imaging of a bar 
code bearing object is carried out by a manually-triggered linear-imaging engine 7D that is 
integrated within the wireless portable data terminal 2D, and programmably configured for 
image-based bar code reading operation upon manually depressing the imager activation button 
(i.e. switch) 22 provided on the user control console of the wireless portable data terminal. As 
shown, the PDT 2D comprises: planar laser illumination array (PLIA), including a set of VLD 
driver circuits 85, PLIMs 84 A, 84B (realized using VLDs or LEDs); a linear-type image 
formation and detection (IFD) module 86 having a linear image detection array 81 with image 
detection elements, image formation optics 83, an image frame grabber 87, and an image data 
buffer 88; an image processing computer 89; a camera control computer 90; a LCD panel 8 and 
a display panel driver 91 ; user control console 10 and driver 92; and a manually-actuated trigger 
switch 22 for manually activating the planar laser illumination arrays, the linear-type image 
formation and detection (IFD) module, the image frame grabber, the image data buffer, and the 
image processing computer, via the camera control computer, in response to the manual 
activation of the trigger switch 22. Thereafter, the system control program carried out within the 
camera control computer 90 enables: (1) the automatic capture of digital images of objects (i.e. 
bearing bar code symbols and other graphical indicia) through the image formation optics 83 
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provided within the linear imager; (2) the automatic decode-processing of the bar code symbol 
represented therein; (3) the automatic generation of symbol character data representative of the 
decoded bar code symbol; (4) the automatic buffering of the symbol character data within the 
hand-supportable housing or transmitting the same to a host computer system; and (5) thereafter 
the automatic deactivation of the subsystem components described above. When using a 
manually-actuated trigger switch 22 having a single-stage operation, manually depressing the 
switch 22 with a single pull-action will thereafter initiate the above sequence of operations with 
no further input required by the user. Details regarding the operation of the linear imaging 
engine design employed in this illustrative embodiment are set forth in WIPO Publication No. 
WO 02/43195 A2 incorporated herein by reference. 

In the system configuration shown in Fig. 14D, the illumination and imaging of a bar 
code bearing object is carried out by an automatically-triggered linear-imaging engine with IR- 
based object detection that is integrated within the wireless portable data terminal, and 
programmably configured for automatic image-based bar code reading operation and 
transmission of symbol character data to its remote base terminal when the operator manually 
depresses the data transmission button (i.e. switch) 22 provided on the user control console of the 
wireless portable data terminal. 

As shown in system diagram of Fig. 14D, the PDT 2D comprises: planar laser 
illumination array (PLIA), including a set of VLD or LED driver circuits 85, PLIMs (VLD or 
LED) 84A, 84B, and a linear-type image formation and detection (IFD) module 86 having a 
linear image detection array 81 with image detection elements, image formation optics 84, an 
image frame grabber 87, and an image data buffer 88; an image processing computer 89; a 
camera control computer 90; a LCD panel 8 and a display panel driver 91; user control console 
10 and associated driver 92; an IR-based object detection subsystem 92 within its hand- 
supportable housing for automatically activating, upon detection of an object in its IR-based 
object detection field, the planar laser illumination arrays (driven by VLD driver circuits 84 A, 
84B), the linear-type image formation and detection (IFD) module, and the image processing 
computer, via the camera control computer, so that (1) digital images of objects (i.e. bearing bar 
code symbols and other graphical indicia) are automatically captured, (2) bar code symbols 
represented therein are decoded, and (3) symbol character data representative of the decoded bar 
code symbol are automatically generated; and data transmission mechanism 14 and a manually - 
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activatable data transmission switch 22, integrated with the hand-supportable housing, for 
enabling the transmission of symbol character data from the imager processing computer 89 to a 
host computer system, via the data transmission mechanism 14, in response to the manual 
activation of the data transmission switch 22 at about the same time as when a bar code symbol 
is automatically decoded and symbol character data representative thereof is automatically 
generated by the image processing computer. This manually-activated symbol character data 
transmission scheme is described in greater detail in copending US Application Nos. 08/890,320, 
filed July 9, 1997, and 09/513,601, filed February 25, 2000, each said application being 
incorporated herein by reference in its entirety. Details regarding the operation of the linear 
imaging engine design employed in this illustrative embodiment are set forth in WIPO 
Publication No. WO 02/43195 A2 incorporated herein by reference. 

In the system configuration shown in Fig. 14E, the illumination and imaging of a bar 
code bearing object is carried out by an automatically-triggered linear-imaging engine with laser- 
based object detection that is integrated within the wireless portable data terminal 2F, and 
programmably configured for automatic image-based bar code reading operation and 
transmission of symbol character data to its remote base terminal when the operator manually 
depresses the data transmission button (i.e. switch) 22 provided on the user control console of the 
wireless portable data terminal. 

As shown in the system diagram of Fig. 14E, the PDT 2F comprises: a planar laser 
illumination array (PLIA), including a set of VLD or LED driver circuits 85, PLIMs (comprising 
a VLD or LED) 84A, 84B, and a linear-type image formation and detection (IFD) module having 
a linear image detection array 81 with image detection elements, image formation optics 83, an 
image frame grabber 87 and an image data buffer 88; an image processing computer 89; a 
camera control computer 90; a LCD panel 8 and a display panel driver 91; user control console 
10 and driver 92; a laser-based object detection subsystem 95 embodied within camera control 
computer 90 for automatically activating the planar laser illumination arrays into a full-power 
mode of operation, the linear-type image formation and detection (IFD) module, and the image 
processing computer 89, via the camera control computer 90, in response to the automatic 
detection of an object in its laser-based object detection field, so that (1) digital images of objects 
(i.e. bearing bar code symbols and other graphical indicia) are automatically captured, (2) bar 
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code symbols represented therein are decoded, and (3) symbol character data representative of 
the decoded bar code symbol are automatically generated; and data transmission mechanism 14 
and a manually-activatable data transmission switch 22 for enabling the transmission of symbol 
character data from the imager processing computer to a host computer system, via the data 
transmission mechanism 14, in response to the manual activation of the data transmission switch 
22 at about the same time as when a bar code symbol is automatically decoded and symbol 
character data representative thereof is automatically generated by the image processing 
computer 89. This manually-activated symbol character data transmission scheme is described 
in greater detail in copending US Application Nos. 08/890,320, filed July 9, 1997, and 
09/513,601, filed February 25, 2000, each said application being incorporated herein by 
reference in its entirety. . Details regarding the operation of the linear imaging engine design 
employed in this illustrative embodiment are set forth in WIPO Publication No. WO 02/43195 
A2 incorporated herein by reference. 

In the system configuration shown in Fig. 14F, the illumination and imaging of a bar 
code bearing object is carried out by an automatically-triggered linear-imaging engine with 
passive CCD-based object detection that is integrated within the wireless portable data terminal 
2G, and programmably configured for automatic image-based bar code reading operation and 
transmission of symbol character data to its remote base terminal when the operator manually 
depresses the data transmission button (i.e. switch) 22 provided on the user control console of the 
wireless portable data terminal. 

As shown in Fig. 14F, the PDT 2G comprises: planar laser illumination array (PLIA), 
including a set of VLD or LED driver circuits 85, PLIMs (i.e. VLD or LED) 84A, 84B, and a 
linear-type image formation and detection (IFD) module having a linear image detection array 
81 with image detection elements, image formation optics 83, an image frame grabber 87 and an 
image data buffer 88; an image processing computer 89; a camera control computer 90; a LCD 
panel 8 and a display panel driver 91; user control console 10 and driver 92; an ambient-light 
driven object detection subsystem 96 embodied within the camera control computer 90, for 
automatically activating the planar laser illumination arrays (driven by VLD or LED driver 
circuits 85), the linear-type image formation and detection (IFD) module, and the image 
processing computer 89, via the camera control computer 90, upon automatic detection of an 
object via ambient-light detected by object detection field enabled by the linear image sensor 81 
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within the IFD module, so that (1) digital images of objects (i.e. bearing bar code symbols and 
other graphical indicia) are automatically captured, (2) bar code symbols represented therein are 
decoded, and (3) symbol character data representative of the decoded bar code symbol are 
automatically generated; and data transmission mechanism 14 (aboard the base station 3G) and a 
manually-activatable data transmission switch 22 for enabling the transmission of symbol 
character data from the image processing computer 89 to a host computer system, via the data 
transmission mechanism 14, in response to the manual activation of the data transmission switch 
22 at about the same time as when a bar code symbol is automatically decoded and symbol 
character data representative thereof is automatically generated by the image processing 
computer 89. This manually-activated symbol character data transmission scheme is described in 
greater detail in copending US Application Nos. 08/890,320, filed July 9, 1997, and 09/513,601, 
filed February 25, 2000, each said application being incorporated herein by reference in its 
entirety. . Details regarding the operation of the linear imaging engine design employed in this 
illustrative embodiment are set forth in WIPO Publication No. WO 02/43195 A2 incorporated 
herein by reference. Notably, in some applications, the passive-mode object detection subsystem 
employed in this system embodiment might require (i) using a different system of optics for 
collecting ambient light from objects during the object detection mode of the system, or (ii) 
modifying the light collection characteristics of the light collection system to permit increased 
levels of ambient light to be focused onto the CCD image detection array 81 in the IFD module 
(i.e. subsystem). In other applications, the provision of image intensification optics on the 
surface of the CCD image detection array should be sufficient to form images of sufficient 
brightness to perform object detection and/or bar code detection operations. 

In the system configuration shown in Fig. 14G, the illumination and imaging of a bar 
code bearing object is carried out by an automatically-triggered linear-imaging engine (without 
automatic object detection) that is integrated within the wireless portable data terminal 2H, and 
programmably configured for automatic image-based bar code reading operation and 
transmission of symbol character data to its remote base terminal when the operator manually 
depresses the data transmission button (i.e. switch) 22 provided on the user control console of the 
wireless portable data terminal. 

As shown in Fig. 14G, the PDT 2H comprises: a planar laser illumination array (PLIA), 
including a set of VLD or LED driver circuits 85, PLIMs (i.e. VLD or LED) 84A, 84B, and a 
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linear-type image formation and detection (IFD) module having a linear image detection array 81 
with image detection elements, image formation optics 83, an image frame grabber 87, and 
image data buffer 88; an image processing computer 89; a camera control computer 90; a LCD 
panel 8 and a display panel driver 91; user control console 10 and associated driver 92; an 
automatic bar code symbol detection subsystem 97 embodied within camera control computer 90 
for automatically activating the image processing computer for decode-processing in response to 
the automatic detection of a bar code symbol within its bar code symbol detection field by the 
linear image sensor within the IFD module so that (1) digital images of objects (i.e. bearing bar 
code symbols and other graphical indicia) are automatically captured, (2) bar code symbols 
represented therein are decoded, and (3) symbol character data representative of the decoded bar 
code symbol are automatically generated; and data transmission mechanism 14 (aboard the base 
station 3H) and a manually-activatable data transmission switch 22 for enabling the transmission 
of symbol character data from the imager processing computer 89 to a host computer system, via 
the data transmission mechanism 14, in response to the manual activation of the data 
transmission switch 22 at about the same time as when a bar code symbol is automatically 
decoded and symbol character data representative thereof is automatically generated. This 
manually-activated symbol character data transmission scheme is described in greater detail in 
copending US Application Nos. 08/890,320, filed July 9, 1997, and 09/513,601, filed February 
25, 2000, each said application being incorporated herein by reference in its entirety. Details 
regarding the operation of the linear imaging engine design employed in this illustrative 
embodiment are set forth in WIPO Publication No. WO 02/43195 A2 incorporated herein by 
reference. 

The subsystems associated with the wireless PDT and its base station can be 
implemented in a straightforward manner using the hardware and software implementation 
platforms illustrated in Figs, 6 through 9A. 

In Fig. 14D, the wireless portable data terminal of the fourth illustrative embodiment is 
shown used in a truly single-handed manner in accordance with the principles of the present 
invention. 

FIFTH ILLUSTRATIVE EMBODIMENT OF THE WIRELESS BAR CODE DRIVEN 
PORTABLE DATA TERMINAL SYSTEM OF THE PRESENT INVENTION 
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Fig. 15A is a perspective view of a fifth illustrative embodiment of the wireless bar code 
driven portable data terminal system of the present invention 71. As shown, the area (2D) 
imaging engine employed in the PDT is used to read a bar code symbol (or other graphical 
intelligence) on a package and the symbol character data representative of the read bar code is 
automatically transmitted to its cradle-providing base station 3F by way of an RF-enabled 2-way 
data communication link 18, when the operator depresses the image capture activation button 22 
provided on the user control console panel 10. 

As shown in Fig. 15B, the laser (or VLD) illuminated linear-imaging engine 71 comprises 
a number of subcomponents, namely: an optical-bench/multi-layer PC board 100; an IFD (i.e. 
camera) subsystem mounted on the optical bench, and including 2-D (i.e. area) CCD image 
detection array 101 having image detection elements and being contained within a light-box 102 
provided with image formation optics 103, through which laser light collected from the 
illuminated object along the 3-D field of view (FOV) is permitted to pass; a pair of PLIMs (i.e. 
comprising a dual- VLD or LED PLIA) 84A and 84B mounted on optical bench 100 on opposite 
sides of the IFD module, for producing a PLIB within the FOV; and a pair of beam sweeping 
mechanisms 103 A and 103B for sweeping the planar laser illumination beam (PLIB) produced 
from the PLIA across the 3-D FOV. As shown in Fig. 15B, the 3-D field of view of the IFD 
module spatially-overlaps and is coextensive (i.e. coplanar) with the PLIBs that are generated by 
the PLIMs 84A and 84B employed therein. 

There are various ways in which to control the operation of the PDT illustrated in Figs. 
15A through 15B to produce differently configured image-capture driven PDTs of the present 
invention. Several different system configurations are specified in Figs. 15C through 15G and 
described hereinbelow. 

In the system configuration shown in Fig. 15C, the illumination and imaging of a bar 
code bearing object is carried out by a manually-triggered 2-D-imaging engine 71 that is 
integrated within the wireless portable data terminal 2J, and programmably configured for 
image-based bar code reading operation upon manually depressing the imager activation button 
(i.e. switch) 22 provided on the user control console of the wireless portable data terminal. As 
shown, the PDT comprises: planar laser illumination array (PLIA), including a set of VLD driver 
circuits 85, PLIMs 84A, 84B (realized using VLDs or LEDs); an area-type image formation and 
detection (IFD) module having a 2-D image detection array 101 with image detection elements, 
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image formation optics 103; a pair of beam sweeping mechanisms 103 A and 103B for sweeping 
the planar laser illumination beam produced from the PLIA across the 3-D FOV; an image 
frame grabber 87, and an image data buffer 88; an image processing computer 89; a camera 
control computer 90; a LCD panel 8 and a display panel driver 91; user control console 10 and 
associated driver 92; and a manually-actuated trigger switch 22 for manually activating the 
planar laser illumination arrays, the linear-type image formation and detection (IFD) module, the 
image frame grabber, the image data buffer, and the image processing computer, via the camera 
control computer, in response to the manual activation of the trigger switch 22. Thereafter, the 
system control program carried out within the camera control computer 90 enables: (1) the 
automatic capture of digital images of objects (i.e. bearing bar code symbols and other graphical 
indicia) through the image formation optics provided within the PDT; (2) the automatic decode- 
processing of the bar code symbol represented therein; (3) the automatic generation of symbol 
character data representative of the decoded bar code symbol; (4) the automatic buffering of the 
symbol character data within the hand-supportable housing or transmitting the same to a host 
computer system; and (5) thereafter the automatic deactivation of the subsystem components 
described above. When using a manually-actuated trigger switch 22 having a single-stage 
operation, manually depressing the switch 22 with a single pull-action will thereafter initiate the 
above sequence of operations with no further input required by the user. Details regarding the 
operation of the are-type imaging engine design employed in this illustrative embodiment are set 
forth in WIPO Publication No. WO 02/43 195 A2 incorporated herein by reference. 

In the system configuration shown in Fig. 15D, the illumination and imaging of a bar 
code bearing object is carried out by an automatically-triggered 2-D-imaging engine with IR- 
based object detection that is integrated within the wireless portable data terminal, and 
programmably configured for automatic image-based bar code reading operation and 
transmission of symbol character data to its remote base terminal when the operator manually 
depresses the data transmission button (i.e. switch) 22 provided on the user control console of the 
wireless portable data terminal. 

As shown in system diagram of Fig. 15D, the PDT 2K comprises: planar laser 
illumination array (PLIA), including a set of VLD or LED driver circuits 85, PLIMs (VLD or 
LED) 84A, 84B, and an area-type image formation and detection (IFD) module having a 2-D 
image detection array 101 with image detection elements, image formation optics 103; a pair of 
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beam sweeping mechanisms 103 A and 103B for sweeping the planar laser illumination beam 
produced from the PLIA across the 3-D FOV; an image frame grabber 87, and an image data 
buffer 88; an image processing computer 89; a camera control computer 90; a LCD panel 8 and 
a display panel driver 91; user control console 10 and driver 92; an IR-based object detection 
subsystem 105 within its hand-supportable housing for automatically activating, upon detection 
of an object in its IR-based object detection field, the planar laser illumination arrays (driven by 
VLD driver circuits 85), the area-type image formation and detection (IFD) module, and the 
image processing computer, via the camera control computer, so that (1) digital images of 
objects (i.e. bearing bar code symbols and other graphical indicia) are automatically captured, (2) 
bar code symbols represented therein are decoded, and (3) symbol character data representative 
of the decoded bar code symbol are automatically generated; and data transmission mechanism 
14 and a manually-activatable data transmission switch 22, integrated with the hand-supportable 
housing, for enabling the transmission of symbol character data from the imager processing 
computer 89 to a host computer system 15, via the data transmission mechanism 14, in response 
to the manual activation of the data transmission switch 22 at about the same time as when a bar 
code symbol is automatically decoded and symbol character data representative thereof is 
automatically generated by the image processing computer 89. This manually-activated symbol 
character data transmission scheme is described in greater detail in copending US Application 
Nos. 08/890,320, filed July 9, 1997, and 09/513,601, filed February 25, 2000, each said 
application being incorporated herein by reference in its entirety. Details regarding the operation 
of the are-type imaging engine design employed in this illustrative embodiment are set forth in 
WIPO Publication No. WO 02/43195 A2 incorporated herein by reference. 

In the system configuration shown in Fig. 15E, the illumination and imaging of a bar 
code bearing object is carried out by an automatically-triggered area-imaging engine with laser- 
based object detection that is integrated within the wireless portable data terminal 22, and 
programmably configured for automatic image-based bar code reading operation and 
transmission of symbol character data to its remote base terminal 3Cwhen the operator manually 
depresses the data transmission button (i.e. switch) 22 provided on the user control console of the 
wireless portable data terminal. 

As shown in the system diagram of Fig. 15E, the PDT 2C comprises: a planar laser 
illumination array (PLIA), including a set of VLD or LED driver circuits 85, PLIMs (comprising 
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a VLD or LED) 84A, 84B, and an area-type image formation and detection (IFD) module having 
a 2-D image detection array 101 with image detection elements; a pair of beam sweeping 
mechanisms 103 A and 103B for sweeping the planar laser illumination beam produced from the 
PLIA across the 3-D FOV; image formation optics 103, an image frame grabber 87 and an 
image data buffer 88; an image processing computer 89; a camera control computer 90; a LCD 
panel 8 and a display panel driver 91; user control console 10 and driver 92; a laser-based object 
detection subsystem 106 embodied within camera control computer 90 for automatically 
activating the planar laser illumination arrays into a full-power mode of operation, the area-type 
image formation and detection (IFD) module, and the image processing computer 89, via the 
camera control computer 90, in response to the automatic detection of an object in its laser-based 
object detection field, so that (1) digital images of objects (i.e. bearing bar code symbols and 
other graphical indicia) are automatically captured, (2) bar code symbols represented therein are 
decoded, and (3) symbol character data representative of the decoded bar code symbol are 
automatically generated; and data transmission mechanism 14 and a manually-activatable data 
transmission switch 22 for enabling the transmission of symbol character data from the imager 
processing computer to a host computer system, via the data transmission mechanism 14, in 
response to the manual activation of the data transmission switch 22 at about the same time as 
when a bar code symbol is automatically decoded and symbol character data representative 
thereof is automatically generated by the image processing computer 89. This manually- 
activated symbol character data transmission scheme is described in greater detail in copending 
US Application Nos. 08/890,320, filed July 9, 1997, and 09/513,601, filed February 25, 2000, 
each said application being incorporated herein by reference in its entirety. Details regarding the 
operation of the are-type imaging engine design employed in this illustrative embodiment are set 
forth in WIPO Publication No. WO 02/43 195 A2 incorporated herein by reference. 

In the system configuration shown in Fig. 15F, the illumination and imaging of a bar 
code bearing object is carried out by an automatically-triggered area-imaging engine with 
passive CCD-based object detection that is integrated within the wireless portable data terminal 
2M, and programmably configured for automatic image-based bar code reading operation and 
transmission of symbol character data to its remote base terminal 3M when the operator 
manually depresses the data transmission button (i.e. switch) 22 provided on the user control 
console of the wireless portable data terminal. 
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As shown in Fig. 15F, the PDT 2M comprises: planar laser illumination array (PLIA), 
including a set of VLD or LED driver circuits 85, PLIMs (i.e. VLD or LED) 84A, 84B, and an 
area-type image formation and detection (IFD) module having a 2-D image detection array 101 
with image detection elements, image formation optics 103; a pair of beam sweeping 
mechanisms 103 A and 103B for sweeping the planar laser illumination beam produced from the 
PLIA across the 3-D FOV; an image frame grabber 87 and an image data buffer 88; an image 
processing computer 89; a camera control computer 90; a LCD panel 8 and a display panel 
driver 91; user control console 10 and driver 92; an ambient-light driven object detection 
subsystem 107 embodied within the camera control computer 90, for automatically activating 
the planar laser illumination arrays (driven by VLD or LED driver circuits 85), the area-type 
image formation and detection (IFD) module, and the image processing computer, via the 
camera control computer, upon automatic detection of an object via ambient-light detected by 
object detection field enabled by the linear image sensor 101 within the IFD module, so that (1) 
digital images of objects (i.e. bearing bar code symbols and other graphical indicia) are 
automatically captured, (2) bar code symbols represented therein are decoded, and (3) symbol 
character data representative of the decoded bar code symbol are automatically generated; and 
data transmission mechanism 14 (aboard the base station 3M) and a manually-activatable data 
transmission switch 22 for enabling the transmission of symbol character data from the imager 
processing computer 89 to a host computer system, via the data transmission mechanism 14, in 
response to the manual activation of the data transmission switch 22 at about the same time as 
when a bar code symbol is automatically decoded and symbol character data representative 
thereof is automatically generated by the image processing computer 89. This manually-activated 
symbol character data transmission scheme is described in greater detail in copending US 
Application Nos. 08/890 5 320, filed July 9, 1997, and 09/513,601, filed February 25, 2000, each 
said application being incorporated herein by reference in its entirety. Notably, in some 
applications, the passive-mode objection detection subsystem 107 employed in this wireless PDT 
system might require (i) using a different system of optics for collecting ambient light from 
objects during the object detection mode of the system, or (ii) modifying the light collection 
characteristics of the light collection system to permit increased levels of ambient light to be 
focused onto the CCD image detection array 101 in the IFD module (i.e. subsystem). In other 
applications, the provision of image intensification optics on the surface of the CCD image 
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detection array should be sufficient to form images of sufficient brightness to perform object 
detection and/or bar code detection operations. Details regarding the operation of the are-type 
imaging engine design employed in this illustrative embodiment are set forth in WIPO 
Publication No. WO 02/43195 A2 incorporated herein by reference. 

In the system configuration shown in Fig. 15G, the illumination and imaging of a bar 
code bearing object is carried out by an automatically-triggered linear-imaging engine (without 
automatic object detection) that is integrated within the wireless portable data terminal 2N, and 
programmably configured for automatic image-based bar code reading operation and 
transmission of symbol character data to its remote base terminal when the operator manually 
depresses the data transmission button (i.e. switch) 22 provided on the user control console of the 
wireless portable data terminal 3N. 

As shown in Fig. 15G, the PDT 2N comprises: a planar laser illumination array (PLIA), 
including a set of VLD or LED driver circuits 85, PLIMs (i.e. VLD or LED) 84A, 84B, and an 
area-type image formation and detection (IFD) module having a 2-D image detection array 101 
with image detection elements, image formation optics 103; a pair of beam sweeping 
mechanisms 103 A and 103B for sweeping the planar laser illumination beam produced from the 
PLIA across the 3-D FOV; an image frame grabber 87, and image data buffer 88; an image 
processing computer 89; a camera control computer 90; a LCD panel 8 and a display panel driver 
91; user control console 10 and driver 92; an automatic bar code symbol detection subsystem 
108 embodied within camera control computer 90 for automatically activating the image 
processing computer for decode-processing in response to the automatic detection of a bar code 
symbol within its bar code symbol detection field by the area image sensor within the IFD 
module so that (1) digital images of objects (i.e. bearing bar code symbols and other graphical 
indicia) are automatically captured, (2) bar code symbols represented therein are decoded, and 
(3) symbol character data representative of the decoded bar code symbol are automatically 
generated; and data transmission mechanism 14 (aboard the base station) and a manually- 
activatable data transmission switch 22 for enabling the transmission of symbol character data 
from the image processing computer 89 to a host computer system, via the data transmission 
mechanism 14, in response to the manual activation of the data transmission switch 22 at about 
the same time as when a bar code symbol is automatically decoded and symbol character data 
representative thereof is automatically generated. This manually-activated symbol character data 
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transmission scheme is described in greater detail in copending US Application Nos. 08/890,320, 
filed July 9, 1997, and 09/513,601, filed February 25, 2000, each said application being 
incorporated herein by reference in its entirety. Details regarding the operation of the are-type 
imaging engine design employed in this illustrative embodiment are set forth in WIPO 
Publication No. WO 02/43195 A2 incorporated herein by reference. 

The subsystems associated with the wireless PDT and its base station described above 
can be implemented in a straightforward manner using the hardware and software 
implementation platforms illustrated in Figs. 6 through 9A. 

In Fig. 15D, the wireless portable data terminal of the fifth illustrative embodiment is 
shown used in a truly single-handed manner in accordance with the principles of the present 
invention. 

Several Modifications That Readily Come To Mind 



Having described the preferred embodiments of the present invention, several 
modifications readily come to mind. 

For example, in the illustrative embodiments of the present invention, particular types of 
bar code symbol reading engines disclosed herein have been suggested for incorporation into 
various types of wireless PDT systems differentiated primarily on the basis of data capture 
engines, system control configurations and the like. While various types of data capture 
mechanisms disclosed herein have been shown or realized in the form of an engine, having a 
separate housing or module, it is understood that each such mechanism need not have a separate 
housing or modular structure, but can be integrated directly into the structure of the hand- 
supportable housing of the wireless PDT. 

While the illustrative embodiments of the present invention have been described in 
connection with various types of bar code symbol reading applications involving 1-D and 2-D 
bar code structures, it is understood that the present invention can be used in connection with any 
machine-readable indicia or graphical structures including, but not limited to bar code symbol 
structures. Hereinafter, the term code symbol shall be deemed to include such information 
carrying structures. 
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It is understood that the wireless PDTs, data capture engines, and base stations of the 
illustrative embodiments may be modified in a variety of ways which will become readily 
apparent to those skilled in the art of having the benefit of the novel teachings disclosed herein. 
All such modifications and variations of the illustrative embodiments thereof shall be deemed to 
be within the scope and spirit of the present invention as defined by the Claims to Invention 
appended hereto. 
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